Landing the blame: The influence of EU Member States on quota setting
Introduction
Decades of overfishing in the European Union (EU) have led to depleted fish populations and billions of euros in lost economic potential [1] [2] [3] [4] . EU fisheries are managed under the Common Fisheries Policy (CFP) which uses Total Allowable Catches (TACs) are its main regulatory tool. How TACs are decided and at what level they are set is therefore of key importance to delivering improved fisheries management in the EU.
The CFP was established in 1983 in an effort to deal with complexities in management resulting from the shared nature of EU fish stocks and to address an increasing awareness of overfishing in EU waters. The 1983 regulation (EEC No 170/83) enshrined commitments to Exclusive Economic Zones, the concept of relative stability and established TACs as the main regulatory tool for EU fisheries management. The 1992 regulation (EEC No 3760/92) created structural measures to deal with fishing overcapacity and set up a licensing system. The 2002 regulation (EC No 2371/2002) saw the creation of multi-annual recovery and management plans, and the creation of Regional Advisory Councils (RACs), collectives of regional stakeholders including industry representatives and environmental groups, to account for the geographic diversity of fisheries and to facilitate management input from a diverse group of stakeholders. Most recently, the CFP celebrated its 30 th anniversary in 2013 with the latest round of reforms (EU No 1380/2013) which included a discard ban and a commitment and timeline to achieving maximum sustainable yield by 2015 where possible and 2020 at the latest. These recent reforms (2002 and 2013) recognised that achieving maximum sustainable yield targets requires the management of fish stocks according to the best available science and affirmed the commitment of Member States to sustainable fishing [5, 6] .
Throughout the history of the CFP, TACs have remained the main regulatory tool of the CFP. The objective of TACs is to deliver sustainable fisheries while extracting as much of the resource as possible [7, 8] . Nonetheless, despite reforms every decade designed to adapt management to changing socio-economic and environmental conditions, researchers have repeatedly drawn attention to the CFP's failures (e.g. [5, [9] [10] [11] [12] [13] [14] [15] ). Many studies have linked the failure of the CFP to lead to stock recovery to problems with the implementation of the TAC management system, particularly with how scientific advice is treated [5, 11, [16] [17] [18] [19] [20] [21] . Biais [16] found that between 1984 and 1992 there was good compliance with scientific advice only when proposed changes to TACs were small. Karagiannakos [11] and Patterson and Résimont [18] found that landings corresponded more with fish stock biomass than TACs, and the systematic disregard for scientific advice when it comes to setting TACs in the EU has been found across multiple stocks and timeframes [17, [19] [20] [21] .
Recently the first signs of improvements in fish stocks have been documented in the EU waters [22] [23] [24] with 39% of assessed stocks in the Northeast Atlantic now considered to be within safe biological limits and 52% to be fished sustainably [25] . Yet while a stock recovery process is underway, European waters are still well below their economic potential. In addition, recent stock improvements may only be for closely monitored fish stocks under quota management, as the status of non-quota fish stocks, particularly those in Mediterranean, is still worsening [26] [27] [28] [29] .
In principle, TACs are set according to scientific advice provided by the International Council for the Exploration of the Sea (ICES) and the Scientific, Technical and Economic Committee on Fisheries. The former undertake annual stock assessments for the most important commercial stocks, assess the biological status of species and recommend catch limits with the objective of achieving maximum sustainable yield [30] , while the latter focus on the economic and social impacts of implementing TAC packages. Prior to formulating a draft proposal the European Commission (EC) then consult with RACs. Finally, the EC then negotiates with third countries (non-EU states with a vested interest in relevant stocks) through Regional Fisheries Management Organisations prior to finalising the proposal for consideration by fisheries ministers. Third countries include Iceland, the Faroe Islands, Norway and, to a smaller extent, other countries such as the Russian Federation. Based on this information, fisheries ministers of EU Member States then set the legally binding TACs over three days of discussion every year. As different Member States have vested interests in different stocks depending on historical fishing rights (upheld through the principal of 'relative stability' based on historical catches), TACs for different stocks are subject to discussions with different groups of ministers. The EU TAC is then divided between Member States according to relative stability, although quota swapping is commonplace after EU TACs, and each Member States' proportion, are agreed [31] .
To our knowledge all time-series studies to date have only considered the relationship between scientific advice and the final TAC set for the whole of the EU. Therefore, this paper investigates not only how closely ministers across the EU are following biological (i.e. ICES) scientific advice and whether more recent decisions are more closely heeding such advice, but also whether particular Member States influence decision-making more than others. This follows the approach developed by Esteban and Carpenter [32] [33] [34] in analysing the 2015 TACs.
This paper is structured as follows. Section 2 describes the data collection method used to collect data on approximately 200 TACs per year across 15 years (2001-2015) totalling 3000 individual EU TAC decisions and analysis undertaken. Section 3 presents the results of the analysis between advised and agreed TACs and the influence of EU and non-EU Member States on the probability of setting higher TACs when a given country is included in the negotiation of TACs. Section 4 discusses the main management implications of the results.
Materials and methods

Data collection and preparation
Data on ICES scientific advice regarding TACs were obtained from the ICES Advice web portal (www.ices.dk). TACs allocated to the EU as a whole and across Member States were extracted from Council Regulations hosted on the EUROLEX (www.eur-lex.europa.eu) and FAOLEX (www.faolex.fao.org) online legal databases. At present there is no European or national authority that compiles data for third country agreements. Separate searches for these agreements were therefore undertaken of grey literature sources including news articles and government agency websites. Where no third country agreement was identified through searches or was successfully negotiated, the EU TAC was calculated based on the historical average allocated to the EU for years where an agreement was reached. For most stocks the share of the total TAC held by the EU remains fairly consistent with a range of a couple percentage points. Data were extracted for the 15- In order to enable data comparisons between years, advice provided in number of individuals (e.g. Atlantic salmon) was converted to tonnes and where ICES provided a range for its TAC advice, the average was taken. In addition, adjustments were required in order to match ICES areas to TAC areas where these areas differ. No open-source description of how the EU matches scientific advice is available and formal requests for this information from the EU Commission to clarify it were unsuccessful. Consequently, where the ICES area is split across multiple TAC areas it was assumed that the advice is split in equal proportion amongst the TAC areas. Full details of all adjustments made to the raw data are provided in Annex I of the Supplementary material.
In instances where no TAC was agreed with third countries, all country level TACs were summed to reach a total unilateral TAC (e.g. mackerel 2010-2014) as reported by ICES in the advice files. Where no agreements between third countries and the EU were either reached or identified from searches, the EU share of the total TAC was estimated based on the average EU share for years where a TAC agreement was reached. For blue whiting however, a more conservative EU share of the total TAC was used for years 2001-2005 based on the relative share set in the 2006 agreement (30.5%) rather than the average share between 2006-2015 (19%) in order to ensure results were not unduly affected by the large TAC for this species.
Data analysis
Average excess TAC was calculated for the EU as a whole and for each EU Member State between 2001 and 2015. The excess TAC is defined here as the amount by which the agreed TAC set by ministers exceeds scientific advice produced by ICES. The excess TAC was calculated in tonnes by subtracting the TAC advised by ICES from the agreed TAC for the EU 1 . For each Member State, ICES advice was allocated based on that Member State's proportion of the total EU TAC in that year. Excess TAC for each Member State was then calculated by subtracting the (allocated) TAC advised by ICES from the agreed TAC for the Member State.
Where the agreed TAC was set at or below ICES advice this is recorded as a decision taken in accordance with ICES advice (i.e. a difference of zero) as the TAC recommended is a limit rather than a specific target. In practice, having one fish stock at a very high biomass level or with very low fishing mortality does not necessarily aid in the recovery and sustainable management of other stocks. With certain ecosystem dynamics and predator-prey relationships, the opposite may be the case [35] .
Excess TAC was also calculated as a percentage above ICES advice for some of the analysis. The percentage excess TAC for each Member State and for the EU between 2001 and 2015 was calculated by summing the excess TAC in tonnes across all TAC decisions for the entire time period and then dividing this excess TAC amount by the total ICES advice in tonnes over the whole period and multiplying by 100. This calculation acts to weight the percentage excess TAC according to the size of the TAC, thereby taking into account that some TACs are thousands of times larger than others. An advantage of calculating the excess TAC by overall volume is it removes the problem previous studies have had in instances where ICES advice was a TAC of zero (moratorium). When calculated by percentage difference, any TAC set where advice was zero would be infinitely higher than advice; consequently, these studies have arbitrarily set these decisions to be 100% above scientific advice (e.g. [17, 20] ).
Excess TAC by ecoregion was calculated in the same manner as Member State TAC, i.e. calculating the total volume of TAC above ICES advice in tonnes and converting this to a percentage of advice. This calculation allows for a geographic analysis of the results.
ICES advice was also analysed to determine whether some Member States were being indirectly advised to reduce their TAC from the previous year to a greater extent. For example, ICES may advise a reduced TAC for a particular fish stock but the burden of implementing this reduction would fall to one Member State more than another due to the relative proportions of that TAC assigned to different States. Advised ICES changes (both increases and decreases) from the previous year's agreed TAC were calculated by determining the change between each Member States share in ICES advice in year t for each species in each management area and each Member States agreed TAC from year t-1. Note that where data for previous years TACs were not presented, the change could not be determined and therefore these data were excluded from this analysis, along with TAC increases. Advised changes were then summed across all species and management areas for each Member State and averaged by the number of years each State is represented in the time-series.
Results
Differences between advised and agreed TACs
On average, the European Council set TACs above scientific advice by 471,490 tonnes per year between 2001 and 2015. This equates to an average excess of 20% per year. Trends in decision-making indicate that scientific advice has been more closely followed in later years with a decrease in EU TACs set above scientific advice from 33% in 2001 to 7% in 2015 (Figure 1) . However, the number of TACs set above scientific advice across the EU has remained consistent at approximately 7 out of every 10 TACs set ( Figure A .1 of the Supplementary Material) indicating that, in general, TACs set over scientific advice are decreasing to fall more in line with advice (42% to 18%, see Figure A. 2).
[INSERT FIGURE 1 HERE]
Analysing the results by species shows that some species are set above ICES advice by much greater amounts. By volume, blue whiting, horse mackerel, mackerel, sprat, herring and cod make up approximately 80% of the excess TAC between 2001 and 2015. The contribution of species to the excess TAC in tonnes each year is shown in Figure A. 4. The top 20 species ranked by excess TAC are listed in Table A. 3.
Excess TACs by Member States
In terms of volume, Denmark, the United Kingdom and Spain accounted for just under half of the EU's excess TAC between 2001 and 2015 (Figure 2) . By percentage difference, Spain and Portugal obtained TACs the most above scientific advice (37%). Finland and Estonia receive the smallest amounts of excess TAC, although TACs are still over advice (10% and 12% respectively). This ranking also roughly aligns with the likelihood that a Member State will be part of negotiations that result in an excess TAC (See Table A [INSERT FIGURE 2 HERE]
Geographical trends
There is a clear geographic trend in excess TACs with Western Member States receiving TACs in greater excess of scientific advice compared to Member States in the Baltic region. A similar geographical pattern emerges when excess TAC is calculated for the major fishing areas in the Northeast Atlantic, grouped by ICES ecoregion (Figure 3 ).
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ICES advised TAC change by Member State
Between 2001 and 2015, ICES provided advice which would require Spain and Portugal to reduce their TACs the most and Member States around the Baltic Sea the least (Table 1) 
Influence of third countries
While a paucity of data prevents substantial analyses, TACs in which third countries were involved (where the combined third country is large, i.e. above 33%) were set with a greater amount above scientific advice, on average by 24% (Table 2) .
[INSERT 
Discussion
On average, EU TACs were set 20% above scientific advice between 2001 and 2015, comparable to findings of previous studies [17, 20] . In recent years the level by which TAC are set above scientific advice has fallen. With the number of TACs set above scientific advice (7 out of every 10 set) remaining consistent this indicates that TACs are being brought more in line with scientific advice.
In the EU, marine capture fisheries are worth €6.8 billion and employ approximately 145,000 people [36] . The total fish catch in 2013 was 4.7 million tonnes with the majority used directly for human consumption [37] . Fisheries in the EU, as well as globally, are therefore of huge socio-economic importance. This importance has often led to socio-economic considerations taking precedence over biological ones in discussions regarding TACs. Even last year, the UK fisheries minister George Eustice stated that "[a]lthough these were difficult negotiations, I am pleased that we were able to secure the best possible deal to ensure sustainable fisheries and a strong UK fishing industry. While fishermen had feared there would be major cuts, we were able to keep the same quota as last year for many species, in addition to important increases to the North Sea cod and haddock quota, which will benefit Scottish fishermen" Understandably, reducing TACs is difficult for EU ministers because in that year it directly negatively affects those working in the fisheries sector of their country and is therefore both socio-economically and politically unfavourable. The declining trends of excess TACs indicate that in the last fifteen years, EU ministers have slowly been bringing quotas in line with scientific advice and that while fisheries ministers will claim success for their country's fisheries and fishers each year, reductions are being made.
Because of the principle of relative stability, Member States are only able to increase their TACs if either (i) the EU TAC is increased or (ii) an agreement can be made with another country. In the case of the former, all countries that have a share of the EU TAC receive the same percentage increase to their agreed TAC however this will translate into different tonnes due to their proportional share. Consequently, it is of interest to note which countries benefitted (i.e. were subsequently able to land a greater volume of fish) the most from EU TACs being set above scientific advice as, we believe, it is likely that these countries will have lobbied for the greater EU TAC.
While Spain and Portugal receive the greatest excess TACs in terms of percentage, Denmark and the United Kingdom receive the most in terms of volume, each obtaining quotas on average by an excess of over 75,000 tonnes between 2001 and 2015 ( Figure 2) . With Spain included, these three countries accounted for approximately half (47%) of the EU's excess TAC between 2001 and 2015, a share of volume just under to the total TAC received by these Member States (calculated from the database as 54%).
When these trends were analysed at Member State level, differences in the excess TAC received by Member States were found with a west (highest excess TAC) to east (lowest) trend in country rankings (Table 2 and Figure 3 ). In general, the greater the required reduction to bring TACs in line with scientific advice, the greater the excess TAC received by a Member State, although there is variation in this measure (Table 2, Figure A. 3). Spain and Portugal topped the league table (Figure 2 ) with the largest percentage of excess TAC (37% over ICES advice on average between 2001 and 2015) however scientific advice was provided for EU TACs which, based on the proportion of EU TACs allocated to them, would have required them to reduce their TACs the most. This finding presents a situation where Member States are acting in a short-term cycle of exceeding advice, delaying stock recovery and having advised TAC reductions continue. This raises the question of whether Member States benefitting that year from larger excess TACs are benefitting in the longer-term. With the latter perspective, it may be the case that Member States negotiating larger TACs for their stocks are not benefitting at all [20] .
Nonetheless, even these countries show improvement over time indicating incremental reductions (albeit subject to variability between years) in excess TAC (Figure A.5 ). While the relationship between the reductions required by Member States to bring EU TACs in line with scientific advice and the excess TAC explains some of the trend in results, some Member States (e.g. the United Kingdom, the Netherlands and Belgium) have comparatively larger excess TACs given the required reduction arising from advice. Accordingly, other factors than simply the burden of implementing advice require further consideration.
The western-eastern trend identified between the ranking of a Member State and their excess TAC indicates that geographical, ecological and socio-economic factors play a role in the level of excess TAC received (Figure 3) . Consequently, further work should examine causality between these factors including, but not limited to, the biological status of stocks in each area, the high socioeconomic dependence on fishing activities in some countries, the number and nature of stakeholders involved in decision-making, the type of stocks different Member States have interest in (i.e. are widely migratory stocks more prone to TACs being set above advice than less mobile stocks).
The influence of third countries in negotiations
The role of third countries is an important consideration when discussing EU TACs. These third countries (e.g. the Faroe Islands, Iceland, Norway and Russia) bring additional stakeholders to the negotiations with vested interests. However, unlike European Council negotiations, it is not uncommon for third countries to leave or avoid negotiations altogether and set their own chosen TAC unilaterally -most notably in the prolonged 'mackerel war' between the EU and Norway and Iceland [39] .
The EC proposal for TACs has been shown to be higher than ICES advice as third countries are incorporated [20] . Findings from this study indicate that TAC negotiations involving third countries are more likely to be set above ICES advice (Table 2) . Consequently, incorporating third countries into these analyses could result in these countries topping the league tables although the order of EU Member States would simply be shifted downwards rather than changed. However, due to the lack of a centralised database on these decisions, incomplete data prevented this analysis.
Increasing transparency of the quota setting process
Transparency and openness are fundamental concepts to good governance enshrined in Article 1 ("decisions shall be taken as openly and as closely as possible to the citizen") and Article 15 ("the Union institutions, bodies, offices and agencies shall conduct their work as openly as possible") of the Treaty of the European Union (as amended by the Lisbon Treaty).
However, EU TACs are still decided behind closed doors with discussions remaining secret and while annual ICES advice and EU TACs are published online, difficulties in aligning ICES advice areas with TAC management areas present obstacles to both openness and transparency. In addition, having no centralised database documenting outcomes from negotiations with third countries ensures the effects of these discussions are opaque and closed.
Greater transparency in the EU TAC decision-making process would therefore include, amongst others, the alignment of ICES advice and TAC management areas, the result of third country negotiations, more streamlined access to historical and future TAC decisions and, more fundamentally, opening annual negotiations to the public. This paper has used the results of these negotiations to estimate the Member States who are most responsible for raising TACs above scientific advice. The only way to verify these outcomes is with greater transparency in process.
Conclusions
The significant gap between the levels of TACs recommended in scientific advice and agreed by the European Council indicates the prevalence of short-term concerns over the long-term sustainability of fishery resources during the last decades. On average, the European Council set TACs above scientific advice by 20% per year and throughout the time period approximately 7 out of every 10 TACs were set above advice. However, trends indicate that the level by which TACs are set above scientific advice is falling and that TACs are being brought more in line with scientific recommendations -a positive trend occurring alongside signs of stock recovery in some EU waters.
Increasing transparency of the EU TAC decision-making process would improve not only the reputation of the European Commission in civil society but would also help to align the longterm interests of the fisheries sector with ICES advice. The CFP reform in 2013 opened new opportunities to navigate into sustainable and resilient pathways to ensure the ecological, economic and social contributions of fish stocks for the fisheries sector into the future. Although these findings indicate some important progress has been achieved during the last 15 years, it is essential for the gap between scientific advice and TACs to continue to narrow to ensure the sustainability of EU fisheries. While all Member States are contributing to EU excess TACs, these findings show some States are having greater influence than others. To improve fishery sustainability credentials of the EU and its Member States, and ensure scientifically appropriate quotas, principles of transparency and openness need to be adopted. 
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